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SUPERSONIC WAVE DRAG OF NONLIFTING SWEPTBACK
TAPERED WINGS WITH MACH LINES BEHIND
THE LINE OF MAXTMUM THTCEKNESS

By Kenneth Margolis

SUMMARY

A theoretical Investigation of the supersonic wave drag of nonlifting
sweptback tepered wings having thin symmetrical double—wedge airfoil
sections with meximum thickness at 50 percent chord has been presented in
WACA TN No. 1448. The present paper extends the investigation to include
"supersonic" maximm-—thickness edges; that 1s, the f£flight velocity component
normal to the line of maximum thickness is supersonic. This condition
exlsts at Mach numbers for which the Mach lines have angles of sweep
greater than that of the line of meximm thickness.

For wings of equal root bending stress (and hence of dilfferent aspect
ratio) and given sweepback, taper increases the wing wave—drag coefficlent
at Mach numbers for which the meximum~thickness line 1s moderately supersonic
and hes negligible effect at higher Mach numbers. Thls trend is similar to
that evidenced by the effect of hlgh aspect ratio for given sweepback and
taper ratlo. Compesrisons on the basls of constant aspect ratio for given
sweepback, however, indicate a decrease of the drag coefficlent with taper
at Mach numbers corresponding to moderately supersonic maximm—~thickness
lines and a negligible effect due to taper at the hlgher Mach numbers.

For glven taper ratio and aspect ratic, increased sweepbatk increasses the
dreg coefficlent at Mach numbers for whlich the mesximum—thickness line is
supersonic.

INTRODUCTTION

In reference 1, equatlons are derived and calculations ars presented
for the supersonic wave drag of sweptback tapered wings with thin gymmet—
rical double-wredge sections with maximum thickness at 50 percent chord
(that is, rhombic profi_les) at zero 1lift. The range of Mach number con—
gidered in reference 1 is between 1.0 and the value corresponding to the
condition where the Mach lines are parallel to the maximm—thickness line,
that is, the Mach number range corresponding to "subsonic" maximm—
thickness lines. (When the flight velocity component normal to an edge is
subsonic, the edge is termed a "subsonic” edge.) This condition exisbs
at Mach numbers for which the Mach lines have angles of sweep less than
that of the line of maximum thickness.

The present paper completes the wave—drag investigation of nonlifting
tapered wings by extending the Mach number range to include “supersonic”
maximim—thickness lines; that is, the region where the Mach lines have
angles of sweep greater then that of the line of meximum thickness.
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Accordingly, equations are derived for the supersonic wave drag of
aweptback tapered wings with thin rhaombic sections at zeroc 1lift. Calcu-
lations are presented for some repressntative plan forms. As in
reference 1, the alrfoil sections and wing tips are chosen parallel to
the dlrection of flight, eand the angle of sweepback 1s referred to that
of the line of meximum thickness. For purposes of completeness, the
results obtalned in reference 1 for the lower. supersonic Mach numbers are
Included in the discuseion and conclusions of the present investigation.

SYMBOIS
X, ¥, 2 Carteslan coordinates i
\ velooity in flight direction
p - density of air
Ap pregsure Increment
] dynamic pressure (%pva
P disturbance-veloclty potential
M . Mach number
. . I S
dz/dk" ‘slope of alrfoil surface, measured in flight direction
a root semichord, measured in flight direction
¢ chord length at spanwise station Yy, measured in flight
direction
t maximum thickness of section at spanwise station ¥y
A engle of sweep of maximum-thickness line, degrees
my . slope of line of maximum thicknsss (cot A)
my slope of wing leading edge . _
my slope of wing trailing edge 625&—
b span of wing



NACA TN No., 1672 3

d = b/= -
mo
S wing area
A agpect ratio <b2/8>
A taper ratio (ratio of tip chord to root chord)
4, section wave-drag coefficient at spanwise station y
excluslve of tlp effect
cdti Increment in sectlon weve-drag coefflcient at spanwise
P statlon y due to tip
Cq gsection wave-drag coefficlent at spanwise station ¥y
(C‘.dm + Cd-'bij;) .
an wing wave-drag coefficlent exclusive of tip effect
CDtip increment in wing wave-drag coefflcient dus to tip
Cp wing wave-drag cosfficlent @Doo + GDtip)

Subscript s refers to conditions at root
ANATYSTS

The analysis 1is esgentially that used in refersnces 1 and 2. A
brief outline of the basic equations 1s included for conveniencs.

The assumptions of small disturbances and a& consbtancy of sonle
veloclity throughout the fluid leasd to the linearized equation for the
disturbance-velocity potential o

( —M2)¢xx+cpyy+q>zz=0 (1)

where M 1is the Mach number of ths flow and the derivatives are taken
with respect to the varisbles x, ¥, and z of the Cartesian coordinats
system. On ths basls of this linear theory a solution for a uniform
gsemi-infinlite sweptback line of sources is derlved in reference 2. Ths
pressure field assoc’eted with thls solution corresponds to that over an
alrfoll of wedge section. The pressure coefficient A@/q at a gpanwise

station y and point x along the wedge 1s, for B £ é%y
1
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- X -m
&p _24z — 0 co:s;h":L ____J_.ll (2a)
@ ®dx Bly - mx
1
1l - :[1'].]_232 -
and, for B > 3;
m ?
x - m-BQY
o_2dp Ml 2 (2b)
qQ. ®dx . Bly - mx
/migﬁa'_-l ‘ m x|
where 1s the slope of -the leading edge of the wing, dz/dx 1is the
tangent Gf the half-wedge angle (approx. equal to half-wedge angle since
the angle 1s small), Vﬁé - 1, and the origin of the line source is

taken at (0O, O) In the rsgion between the leading edge and the Mach coms
o x - myBy
(that is, I S y S m_-,_x), the real part of cos™t L

B - Bly - mixl

and equal to =x. Eguation (2b) then reduces to

1s constant

AD _ 5 dz )

" T (2¢)
B Y omp2 -1

The" dlgtribution of pressure over sweptback wings of desired plan
form . and profils 1s cobtalned by supsrposition of solutions for wedge-type
alrfolls. Reference 1 adequately deecrlbes the superpcsltions necsessary
to satlafy the boundary condltions aver the surface of a tapered wing of
rhomble gection, and therefore the procedure will not be restated herein.
Flgure 1 shows the distributlons of sinks and sources for a tapered wing
and ldentiflea the system of axes and the symbols assoclated with the
derivation of the drag equatlons.

The disturbances causged by the elementary line sources and sinks
are limited to..the reglons enclosed by their Mach comes. Filgure 2 shows
the Mach lins configuration for the tapered-wing plan forms and indicates
ths regions of the wing affected by each line source and sink. TFor
purposeeg of simpiification the tapered wings corsidered wers restricted
to those with no tip effects other than the effects each tip exerts on its
own half of the wing. For a wing of taper ratio O, no tip effects need .
be consldered since. the. Mach lines originating at the tip do not enclose
any part of the wing. -
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The pressure coefficlents obtalnsed from superposition of solutions
glven in equations (2) are converted into drag coefficients by the
following relations:

/2

2
CD=§ cge 4y

. /2
T
where b 1s the wing span, S 1s the wing area, dz/dx is the slope of

the airfoil surface, end L.E. end T.E. denote leading edge and trailing
edge, respectively.

»‘8

(3)

CDH:‘
RIE
&
g

DERTVATION OF GENERALIZED BQUATIONS

By appropriate superposition of solutions for wedge-type alrfoils,
the pressure field 1s obtalned for a tepered wing with leading edge,
tralling edge, and lins of maximum thickness sweptback. The drag equations
are derived for half of the wing since the drag ls distributed symmet-
rically over both halves. The lnduced effects of the opposite half-wing
are represented by the conjugate terms 1n the integrands of the drag
integrals.

For a rhombic profilse,

g -

where t/c 1s the section thickness ratio. The generalized equations for
supersonic wave drag excluslve of tip effects are obtalned as follows
(see fig. 3 for information pertinent to integration limits):
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For B > E]EL-,
(/2
S
cma = X Cd“c d;Y
8(t/c)2  k(t/c)?
Zoa. Empa.
myB -1 - meB-T -
= __.i__ ® dx dy - T dx 4y
\/mlgpa -1 y-mja moa
my mop -1 . Vmp
J+npa y
d d o
0 s o o
- % dx 4y + n dx dy
ompa,  ly Toa.  |7-Tj8
mp-1 Umg Uge1 Uy
I o8 J+Ioe
moB-1  |'mo mop-1 [ mp
+ C dx dy - C é&x dy
0 82 0 L
2mpe y+mpa mos 78
mpB-1 ' mp 2my 2p-1
- C d&x dy|+ n dx 4y
P08 vp-a P\ UE
moB-1 mo
yHmA moa  JimoS
d_ "
"o mp maB-1 |Tmp
+  dx 4y + B dx 4y (i)

S
el
I
3
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where
-1 x.+a.+mlf32y . X + 8 - mB3y
A = cosh + €08
B|y+ml(x+a)! BIY-ml(x+a)|
1 X+ mpPy 1 * - mpfy
B = co8 " = + COB = mr——m
Bly + mox | - Bly- mox |
and o
2 o 2
Ly Xt+te+mpBy -1 x + a8 - mpSy
C = cos

‘-l— co8

ﬁly + my(x + a) Bly - m(x + a) |

It should be noted that equations (4) give the drag for plan-form
configuratlons where the tip is placed farther spanwlse. than the points
of intersection between the Mach lines and the trailing edge. (See fig. 3.)
Dsletion of certaln integrals and appropriate changss In the y limits
of other integrals may be made for configurations where ths tip ls placed
nearer the root chord. These equations are evaluated and the resulting
gection wave-drag and wing wave-drag formilas for all tapersed plan forms
are presented 1n appendix A.

As stated previously, the tapered wings considered have no tip effects
other than those that each tip exerts on 1ts own half of the wing; that is,
the Mach lines from one tip do not enclose any part of the opposite half-
wing. This condition ls expressed methematlceally as follows:

Agpect ratlo =

2dmy bmy
a(l + A) 2 L+ M@+ mB) (5)

Tip chord _
where A 1s the teper ratio’| ————— ). I% can bos seen from
Root chor

equation (5) that this simplification does notmaterially limit the rangs

of Mach number that mey be consldered. In fact, since these equatione
involve only Mach numbers corresponding to supersonic maximum—thickness
lines, the limiting effect imposed in equation (5) is found to be negligible.
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The wave-drag contribution of the tip is (fig. 3):

For = §;3§_l_
oo mq

)

mod.

“SCD-[-,;E _ ks
8(t/c)?  U(t/c)? Imomsa(L+mPB)-2mymon
mg (1+moB )

cd‘bipc dy

B I
oy /‘mOd |7

- —_—] D dx dy
V1 - m2p2

mo2a (L+mB) -mymep  [mod (Lmy B ) -my (e+By)
 mg(LemgB) m)

t

JHiioa
m2

+
L/mOQd(l+mlﬁ ) -mymoa Jr
m (l+mpB)  mp

ot
D dx &y

moed_ ( L+my B ) -I M8 mﬁ ]
m (L+mpB) mp

D
memd (1+m, 8 ) - 2my m 8 Jmod( 1+mB)-m, (2+8y)
m (1+moB ) my B

+ dx dy

N y+moe.

2 "o oy
- —_— E dx dy (6)
\/;02‘32 -1 med(l+mOB)-m2a.

l+m2(3

d(1+myB) -By
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where -
2.2 i
5 _lml(x+a.)-mod.-mlﬂ(y-mod)
= cosh
mBly - m (x + a)
and
L% d-moﬁe(y-mod)
E = cos”
5 - o]
For B> -n%-, equation (6) 4s still valid if /1 - m 22 1s changed to
. l P ) . - . . . s - - o . _

// m:,_eﬁE - 1 and the inverse hyperbolic function cosh™ 1s changsd to
the inverse cosine function cos'l. -

Equation (6) was. solved for section wave drag and wing wave drag,
and the results are presented in appendix B. The total wave-drag coef-
ficlents are then obtained by the followlng relatlons:

Gd. c.doo + Cdtip

(7)

Cp C‘DOc> + thip
The value of CDti 1s found to be identically equal to zero for all

cases satlsfylng the limitatlions imposed in equation (5) and, hence,
CD for the tapered wings consldered. _ _ _

RESULTS AND DISCUSSION

The formilas presented in the appendixes apply to all conventional
taper ratios (0S A S 1). For the particular case of taper ratio 1
(untapered plan form) the equations presented in appendix A of reference 3
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ere in a more convenient form for calculation purposes. Calculations
presented for wings wlth subsonic maximum-thickness lines are based on
the formulas of reference 1.

Calculations are made for some typlcal tapered plen forme and also
for a family of tapered wings considered in reference 1; members of &
femily are characterized by constent swespback of the line of maximum
thickness and e comstant value of the paremetsr "moment of wing area about
the root chord divided by the prod.uct of the root chord and the square of
the root thickness." This area—moment condition is intended to imply that,
to a flrst approximation, the root bending stress is the same for all
members of any family heving the same thickness ratlo. (See fig. 5 of

roference 1 for further details.)

Sectlon wave drag.— Spasnwise dlstributlons of sectlon wave drag for
wings of taper ratio 0, 0.5, and 1.0 are presented in figure 4 for a Mach
number of 3, aspect ratio 2, and sweepback of 60°. Tuese representative
spanwise drag distributions for wings with supersonic maximmm—thlckness
lines differ markedly from those obtained at lower speeds where the wing
is swept well behind the Mach lines. All sections have positive drag at
speeds corresponding to supersonic maxImum~thickmese lines, whereas, at
the lower Mach numbers, outboard sections experience negative drag.

(See figs. 6 to 10 of reference 1.)

Wing wave drag.— Varlatlons of wing wave—drag coefficient with Mach
number for constant-aspect-ratio wings of taper ratlos O and 1.0 and 60°
sweepback are presented in filgures 5(a) and 5(b) for aspect ratios 2 end 3,
respectively. For wings of constant aspect ratio, taper Increases the
drag coefficient at Mach numbers for which the maximum—thlickness line 1is
substantlally subsonic, decreases the drag coefficient in the Intermediste
range, and has negligible effect when the maximm—thickness line is highly
supersonlic. For comparison purposes, the result for the straight wing of
infinite aspect ratio (two—dimensional case) is included in figures 5
to T. A typical veriation in wing wave—drag coefficient with Mach number
is shown in figure 6 for wings of equal rcot bending stress. (The data for
the curves between Mach numbers 1 and 2 are taken from fig. 12 of
reference 1.) Taper 1s shown to reduce the wing wave—drag cosfficient at
Mach numbers for which the maximm-thickness line is substantially subsonic,
increase the drag coefflcient in the Intermedlate range, and have little
effect when'the maximum—thickness line is highly supersonic. These trends
are similar to the ones shown by the effect of high aspect ratio an the
wave—drag coefflcient of wings for a given taper ratic. (See fig. 7.)

It must be remembered, however, that for the wings of squal root bending
stress, those with greater taper have higher aspect ratlos, and hance the
drag behavior of these wings is, in effect, due to aspect-ratio variations.

Varlatlion of wing wave—drag coefficlent with sweepback for taper
ratio 0.5 and aspect ratlio 2 at a Mach number of 3 (supersonic maximum— .
thickness line) is shown in figure 8. Increased sweepback increases the

drag rather than decreases the drag as is the case at lower Mach numbers,
that is, for subsonic maximum—thickness lines. Calculations at other
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Mach numbers show similar results for the effect of sweepback. It should
be borne in mind, however, that a comstant aspect ratio was maintained;
that 1s, Increased sweepback was obtalned by sllding each sectlon rearward
rather then rotating the wing panels rearward. o ) .

CONCLUSIONS

The theoretical investigation of supersonic wave drag of swepthack
tapered wings at zero 1ift with thin symmetricel double—wedge sectlons
with maximum thickness at 50 percent chord (rhombic profiles) has been
extended to include "supersonic" maximm-—thickness lines; that 1s, the
flight velocity compoment normasl to the line of maximum thickness is
supersonic. This condition exists at Mach numbers for which the Mach
lines have angles of sweep greater than that of the line 6f maximm thick-—
ness. For purposes of campleteness, the results obtained in NACA TW No. 1448
for "subsonic" maximm—thickness lines are included in the following
conclusions.

1. For wings of constant aspect ratio and glven sweepback, taper
increases the wing wave—drag coefflclent at Mach numbers for which the
maximm-thickness line 1s substantially subsonic, decreases the drag
coefficient in the near-somnic through moderately supersonic range, and
has negligible effect when the maximum—thickness line is highly supersonic.

2. For given sweep and taper ratio, higher aspect ratios reduce the
wing wave—~drag coefficlent at Mach numbers for which the line of maxImum
thickness 1s substantlally subsonic, Ilncreasse the drag coefficient in
the Intermedlate rangs, and have negligible effect when the meximum—
thickness line is highly supersonic.

3. For wings of eguel root bending stress and given sweepback, teper
reduces the wing weve—drag coefficient at Mach nmumbers for which the
maximim—thickness line is substantislly subsonic, increases the drag
coefficient In the intermedlate range, and has negliglble effect when the
meximm=thickness line ls highly supersonic.

k., For given taper ratic and aspect ratio, increased sweepback
reduces the wing wave—drag coefficient at speeds corresponding to subsonic
meximm—thickness lines and increases the drag coefficlent when the
maximm—thickness llne ls supersonic.

Langley Aeronsutical Iaboratory
Nationsl Advisory Comlttee for Aercnautics
Iangley Field, Va., February 25, 1948
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APPENDIX A
EVATUATION OF EQUATIONS (4) FOR SECTION WAVE
DRAG AND WING DRAG EXCIUSIVE OF
TIEEE‘FECTS@Z 53165 ogxsj)

Sectlon Drag

1< 1
For — = B s —
T m
Tcq C am
: R A+ B for 0sy s 2
4(t/c)? o Bmp -1
where
A= —= p T rm) +emony o1 (s myngh®) + amg
\?l - [3?;1:]_2 Mamy 3|Y(mo + ml) + amlm0[

.5 Y(@o - m) - amom cosh™1 y(1 - momls2) remp 2y 11+ m1 22

Tomy ﬁ\y(mo - m) - amonul my 2mq B

] ygml + my) + 2amym, copl y(l + mlm282) + 2am,
T Bly(my + mp) + emmp

N y(mp - m) - 2empmp -l 7 - mmp®) + ae.me_‘
mymp Bly@e - m) - 2emmyf |
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I R N S ok
PPng® - o Blrao + mp) + amymy)
¥l - mg) -amgmy w2 - mgug?) - amp
Bolo Byl - mo) - amomy
and

For B> —,
m
Keg © o : -—- :
—__ =A+B+C ' for 0Sss
l;L(i:/c)"2 '
am(‘!
=B+ C+D C <y <
pmy - 1
o)
=C+D+E <¥ <
Pm, - 1 h
2am2
=D —_— <y <

No. 1672
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where

A= 2mO l:y<mo+m2) +a.m0m2008_l .y<l+m0m252)+a.m2:
Bomg” - 1 e B ly(mp + mp) + amgume)]

+Y<mo-m2)+alﬂom2cos_l y(l—mom2B2)+am2]
oMo ﬁly@e'mo) - ey |

o [‘f@o”:) remgn Ly 3( o+ mgmp?) + e
VeZn? -1 mg Bloay + m) + emgm |

ET IS GRS EN
gy 7 (o - m) - emym)

o.M y(up + m) + Smmy o y(L+ mugp?) + 2em,
pom - 1 T T Bly(my + mp) + 2amm, |

9 ) v 2ammy ) 3(1 - mmp®) + 2em
Mo Bl (o - my) - 2ammp|

15
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Ve2my® - 1 \mg m

Wing Drag
For -l— < B <i,
mo my
nS
8<t/c)2 . . _ g
=A + C
where
2 2
A _ 2&_2_1_11031111_. -_la-dﬁmo -l)
= TS T '_3(.“3 ) =
@102 . m12> \/Bem_oa o _ am f -

. m, [(mo + mj)d + a;;;nl]2 1 ({7+ momlﬁa)d + a
Q“O + ml) Vi - BEmlE B Kmo + ml)d + aml\

Cmo|@o-m)a -em]® (3 mgme)o v

(mo - m) J1-p2m2 . Bl - m)d - em]

-NACA TN No. 1672
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a.gmlm
e

haP i

T

a5 2

- ——— cosh'l

[(me + m)dmg + 251“11“2]

2 (@, + m )l/l_-—BE_é_

[(me - mp)dmgy - 2amymp ]

2”12@2 - ml); 1 - E’%11:!.2

cosh

17

-1 1

1 2 - ang(2%;” - )

1+ Beml

V1-p%m?® 2m, B

2am22B

1 é + mqmoP )dmo + 2amp
B @y + mg)amg + 2omym,]

-1 é - g8 )dmo + 2amy
lQna - m)amg, - Eamlmz‘
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_ 2a"ngm,? ) i
(@° - m6%) p2m? - 1 am, P
, Lme + mamo + dmgng]® i+ mongp®)amg + em
R e |
e - m)amy - wmgmo]® - mmp®)ang + e,
n) Ve2m2 -1 B2 - mo)amp - ampm]
e mPny st =
(m ) @my - mo)m e
+ il cos™t L.
o+ m) VoReZ -1

and

&2‘"‘2”10 1
T+ mg) VPR - 2

ham Pm © N
mo +m) le mg) (8 \]_-—1- i
2a2m23m o
(me no?) \[p%m,? - 1 L
. i [dmo(dmo - dmp + 2emp) 52‘“0“‘2]

Bomy2 - 1 m2 _ mp - g
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or P =;}£ e Mol = Bm;- 1
_iS_C_Dfo_ = 28'21"0311‘1 cos-1 a - d(ﬁzmoe - ])
8(t/c)2 (3]02 = 2?)pRng? - 1 anp -
-r uazn.llm23 cos—L cemy - dmo B 2m22 B l)
@22 _ mlgv\/ﬁ%ge 1 game%
22 gy gl o2 " dmo@%“e2 1>
T AR =
[(m2+mo)d.mo+am2-m0]a (l+m2m052)d.mo +.am,
R [ ) [ g e
[@2 me)dmgy - aJIl2”10]2 os-1 é— - 2)6100 + ammy
na(ap - o) | Bomg? - 1 P B - ) amg - emamg]|
by, ® E
Q“O + m) (3my - mg) | #%mo” 2
a%nm

11, ELI"1“‘0
(m2+mo)\/ﬁ_2m22—l mp (o + m)
[__(mo - mlz)d- - emy ]me@ + d) - ‘121002
m® - m
'+[28‘m2m12' (e - m2)am ] [fa2n,? @ ® -ma)“amamla(amwdmo)

] @22 - m12>
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pmy - 17
2& mo ml s"l a - d@emo2 - l)
8<t/°)2 (mo - mé) emgP
ll-azmlm o L 2emy - d.mo<[3 21_122 - 1)

e

Wt L
(mo + my) (3my. - mo)f?__ o

2a.2m 3

a""2"‘0 o=l L
Tl L (R mﬂﬁ

m? e [mo(dmo‘dmz"'eamz)_az‘“omz
(mo+mJ) o mp - mp-m

mler o YT

2
mp” - m?

[aameml - (=2 - mle)ﬂaramoa@l - %) + hemmy ® (amp + ame)
ma (e’ - =)
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For B:—J;
Iﬂo

ﬁSCDw mo I—:mo F m_—,_)d + aml] -l (l + momlBEDd + a

8(’0/0)2 (mO + ml)m Bl(mo + ml)d.' + a.ml,

ol G nmpans
(g - ml)Vl - ﬂem:f 8o - m)e - amll
+ a.zmlmoe cosh‘l —1—
Qno + my )V 1 - B?Inle ™8
ka2 m3 o 2amy - any (50,2 - 1)

6 - m e .
[+ ey %mlmz] 1 @ mng®)amg + 2am,
ooy + )l - pT P+ m)am, + o]

s [(me - m) dmg - eamlm2] 1 (1 - mmp2)am, + 2am,
ooy - ) - Pt PG - R - ]

a 2 2
- -—i—— cosh‘:L L ﬁaml
Vi~ pom, 2 2pm,
op _ 2 2
Emome cos~-L 81112 dmo@ mﬁ _ J)

T T s
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2
1"-2@22'“’05
For B>-J""'
ml’
:rsl L -
i W for  OSmES—2-
5(5/2)? 7 by - 1
am
=B+ C+D 2 < myd S o
pm, - 1 Bmy - 1
< 2emy
=C+D+ E- o ' Bmo-l<m0d=5m2-l
- T _g’.mod> —
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i )
where
ip

A=

no(m, + o)) VB - 1
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APPENDIX B

EVATLUATION OF FQUATION (6) FOR TIP EFFECTS (B 2 %; 0Oghrg 9

For aspect-ratlo limitetions, see equation (5).

Section Drag Increment-

14
cd‘ti Cc

4(t/c)2

=A+B+C

2(1 + Bml) - amlmog
@.+ Bm ) -

where A 18 evaluated in the reglon

yS dm,

and is equal to

QE’Q"O o) - amlm_le o1 ym (2 - mgmp®) - e fh - )* 2 Mo
2 \1 - m %2 o vl - m) - e

e Wi a2
pmymg (émg - 7)

gy (1 + Py ) - Bampmy
m(L+pm)

- 2Qy - de) cosh

A

B is evaluated in the region ¥y

amy

end 1s equal to

] 2[(m0 - ml)y - amoml] -1 y(Eml My - My moﬁ9+ 2em, my, - dumy, (l m12B2)

mo V1 - m%E : Qﬂmlly(mo'mﬁ a‘mOml!

+ (y - dﬂk) cosh-T y(?ml - md) + mO(éaml - dmo)
m, (@ -
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1+B -
end C is evalusted in the region d.m2( mo) am?éy‘édmo
l+£3m2

and 1ls equal to

[y - mo) - ] 9 - mm?) - oy - %) 4 e,
n, JePa,? - 1 Bl 7 (o - mg) - amgmy|

¥+ me(a - d)

B, @mg - 9)

- E(y - d.mo) cosh~t

For B>mi, use the same formmlas as for — < B € &= but

1 oy my

chenge \/l - m12B2 to V Beml2 -1 and c:osh":L to cos"-L in the flrst

term only of both A and B.

Wing Drag Incremesnt

The increment in wing wave drag caused by the tip is identlically
equal to zero for all cases satlsfylng these aspect-ratio limitatioms.
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Figure 8.~ Information pertinent to integration imits in equations (4) and (8).
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Figure 4.~ Distributions of section wave drag for various taper ratios.
Aspect gatio, 2; Mach number, 3; sweepback of maximum-thickness
line, 80~.
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(b) Aspect ratio, 8.

Figure 6.- Variation of wing wave-drag coefficlent with Mach number for wings of copstant
aspect ratfo. -Sweepbeck of maximumsthickness lire, 60°, Mach lines are parallel to
the meximum-thickness line at Mach number 2.0.
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Figure 6.~ Variatiorn of wing wave-drag coefficient with Mach mmber for wings of equal root
bending stress. Sweepback of maximum-thickness line, 80°, Mach lines are parallel
to the maximum-thickness line at Mach number 2.0.
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Figure 7.~ Variation of wing wave~drag coefficient with Mach number for wings of taper ratio 0.
Sweepback of maximum-thickness line, 60°, Mazach lines are parallel to the maximum-thickness
line at Mach number 2.0.
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Figure 8.- Variation of wing wave-drag coefficient with sweepback of
maximum-thickness line, Taper ratio, 0.5; aspect ratio, 2;
Mach number, 3. i



